The growth in height of 1,202 Quechua and Mestizo children aged 6 to 19 years of the province of Lamas in the Peruvian Eastern Lowlands was studied. As shown by evaluations of ABO, Rh systems, and skin reflectance measurements, the Quechuas are genetically different from the Mestizos. The heights of Quechuas and Mestizos were matched for nutritional status based on measurements of subcutaneous fat and body muscle. The study indicates that: 1) during childhood, Quechuas and Mestizos matched for the same nutritional status attain similar heights; 2) during adolescence (or after the age of 11 years), the Mestizos are significantly taller than the Quechuas of the same nutritional status; 3 ) during childhood, the relative difference in height between Quechuas and Mestizos matched for the same nutritional status is less than the difference between Quechuas (or Mestizos) of the same genetic composition characterized by good and poor nutritional status.
One of the major goals of research in human growth is to determine the relative effects of hereditary and environmental factors upon size and shape. Various studies have demonstrated that under optimal conditions of nutrition and health, genetic factors play a n important role in influencing variations in growth and development (Garn and Rohman, '66; Hunt, '66) . 111 the same manner, several investigations have documented t h e profound effects of environmental factors on human growth and function (Frisancho and Baker, '70; Frisailcho, '78a; Malcolm, '69, '70) . Comparative analysis of children of diverse genetic backgrounds exposed to comparable socioeconomic conditions suggest that variations in height and weight is regulated primarily by environmental factors (Habicht et al., '74) . The hypothesis that growth differences during childhood reflect the influence of environmental factors is supported by the finding that among populations exposed to chronic malnutrition, the delay in skeletal maturation is greater during childhood than during adolescence (Frisancho, et al., '70 a, b) . Based on a study of upper class Guatemalan youths of Guatemalan and European ancestry, Johnston et al. ('75, '76) suggested that the role of gen.etic factors in influencing growth differ-ences in height are more important during adolescence than during childhood. However, none of these studies includes assessments of nutritional status, and interpretation of the results in genetic and environmental terms is difficult. In this paper, we report the results of a study of the growth in height of two genetically dissimilar samples from the Peruvian Lowlands matched for nutritional status, and genetically similar samples of unequal nutritional status.
Subject population
The subject population was drawn from the town of Lamas, one of the seven districts of the province of Lamas of the Department of San Martin, Peru. As indicated by the 1961 Peruvian Census, the population of the district of Lamas was 12,866 of which 7,139 live in the central town of Lamas and 5,727 are distributed on the aggregated native-owned settlements. The town of Lamas is situated a t an altitude of 1,320 meters above sea level, which is one of the highest populated locations in the province of Lamas. The climate is that of moderate heat stress. The average annual temperature is about 27"C, with a relative humidity of about 50 per cent. The population of the town consists of two distinct and separated ethnic groups: the Quechuas and the Mestizos.
Most of the Quechua population lives in the southwest part of the town known as Wayko. As indicated by historical accounts, this Quechua-speaking population descended from the ancient Chanca tribes who migrated from the Central and Southern Highlands after they were defeated by the Incas about 500 years ago (Markham, '1 1; Isquierdo, '60; Vasquez, '49; Weis, '59) . Evaluation of the ABO and Rh gene systems indicated that the Quechuas from Lamas are indistinguishable from the highland Quechuas (Frisancho and Klayman, '75) . The Mestizo population consists of Spanishspeaking inhabitants who have settled in the region since the Spanish conquest. According to Isquierdo ('60), Captain Martin de la Riva y Herrera was the first Spaniard to settle in the region and in 1650 founded the town of Lamas. Subsequently, the town of Lamas was populated by Mestizos from the Peruvian Coastal and Highland regions. At present, the Quechua speaking people of Lamas do not intermarry with the Mestizos, so that a strict tribal endogamy is maintained. Marriage between a Quechua and Mestizo is forbidden by the Quechuas, though not by the Mestizos. Analysis of genealogical information of about 500 families confirms this endogamy of t h e Quechuas.
MATERIALS AND METHOOS
Quechua sample: The study included a sample of 476 Quechua children ranging in age from 6 to 19 years. They attended the schools of Lamas and the ages of the subjects were derived from birth records provided by school officials. Mestizo sample: The Mestizo sample included 726 Mestizo children ranging in age from 6 to 19 years, attending the schools of Lamas. These ages were also derived from birth records provided by school officials. Evaluations of ABO blood phenotypes (Frisancho and Klayman, '75) 
Anthropometric measurements
The subjects were measured by standard anthropometric techniques ( Weiner and Lourie, '69) . Measured were height (cm), weight tkg), sitting height (cm), leg and arm length (cm), chest circumference (cm), calf and upper arm circumference (mm), and skinfold thickness ( m m ) , a t t h e triceps, sub-scapula, midauxiliary and calf. Following previous investigations, measurements of the upper arm circumference and triceps skinfold thickness were used to calculate the upper arm muscle area (Frisancho, '74a; Frisancho, et al., '77a, b) . The thickness of skinfolds at the four sites were added to give the sum of skinfold thickness. This article is based upon the analysis of height, sum of skinfold thickness, and upper arm muscle area.
Nutritional status
Previous investigations on experimental animals and human beings have shown that subcutaneous fat and body muscle are positively associated with advanced dimensional growth and advanced maturation under condi- Table 1 presents the mean and standard error of height, sum of skinfold thickness and upper arm muscle area of the Quechuas and Mestizo samples. The statistical significance of the differences between the samples was tested using age-adjusted values in a one way analysis of covariance. These data show that, between the ages of 8 and 19 years, the Mestizo males are significantly taller than the Quechuas. The Mestizos between the ages of 6 and 16 years are also significantly fatter than are the Quechuas. Similarly, the Mestizos exceed their Quechua counterparts in muscle area between the ages of 10 and 18 years.
RESULTS

Height, fat, and muscle
Among females, Mestizos are taller than the Quechuas between the ages of 10 and 14 years. Between the ages of 6 and 14 years the Mestizos are also significantly fatter than the Quechuas. In terms of upper a r m muscle area, Quechuas and Mestizos attain similar values.
Different genetic composition und equcil
nutritional status To control for the influence of differences of nutritional factors, the Quechuas and Mestizos were matched for nutritional status in the following m a n n e r . F i r s t , t h e subjects were grouped into 1-year age groups (i.e., 6.0-6.9 years) and within each age group, the Quechua and Mestizo subjects were matched to the nearest 4 mm of sum of skinfolds thickness and to the nearest 50 mmy in upper arm muscle area. If in one group of Quechuas or Mestizos, more than one subject had the same amount of fat or muscle a s a subject in the other group, rather than selecting one of them all were in-cluded in the sample. Second, the subjects were grouped into 2-year age groups (6.0-7.9, etc.) and the mean heights of the Quechuas were compared to those of the Mestizos, statistical significance of the difference being tested by the F-ratio derived from analyses of covariance. Since the mean heights of the Quechuas are compared to those of the Mestizos of an equal projected age, possible variations in the subjects' ages are not reflected in the comparisons of the heights. Table 2 compares the heights of Quechuas and Mestizos matched for the same upper arm muscle area or sum of skinfold thickness and gives the F-ratios derived from analysis of covariance. From these data, the following points are evident: First, a t the same level of fatness the Mestizo and Quechua males between the ages of 6 and 9, and 12 and 13 years attain similar heights. Thereafter, the Mestizos are significantly taller than the Quechuas. Second, t h e Mestizo and Quechua females, a t the same level of fatness until the age of 9 years, are indistinguishable in height, but between the ages of 10 and 14 years. the Mestizos are significantly (P 0.001) taller than their Quechua counterparts. Third, a t the same level of upper arm muscle area, the Quechua and Mestizo males between the ages of 6 and 9 years attain similar heights, but after the age of 11 years, the Mestizos are significantly taller than the Quechuas. Fourth, among females a t the same level of muscle area, the Mestizos after the age of 9 years are significantly taller than are their Quechua counterparts.
The heights of the Quechuas and Mestizos were also regressed on age in a linear fashion and separated into three groups: 6.0-10.9, 11.0-14.9, and 15.0-18.9 years. We have employed the linear regression technique because the sample is cross-sectional and among these three age groups, growth occurs in almost linear functions of age. Figures 1 and 2 compare the regression equation describing the relationship of age and height of Quechuas and Mestizos matched for the same sum of skinfold thickness. These data show that in both sexes, until the age of 10 years, the increase in height in the Quechuas and Mestizos is quite similar. However, after the age of 11 years, the Mestizos a t every age are significantly taller than the Quechuas.
Equal genetic composition and different
nutritional status Another way of separating the role of genetic and nutritional factors on growth is to compare the heights of children of the same genetic composition but of different nutritional status. With this purpose, we have classified the Quechuas and Mestizos separately into two categories of nutritional status: good nutritional status and poor nutritional status. The subjects were classified as either of good nutritional status or of poor nutritional status depending on whether their sum of skinfold thickness and upper arm muscle area were greater or below the age, sex, and population specific mean values for these respective measurements. Table 3 presents the per cent difference in height derived from comparisons of height of: 1) Quechuas and Mestizos characterized by different genetic composition, but equal nutritional status; 2) Quechuas of equal genetic composition but having different nutritional status; and 3 ) Mestizos of equal genetic compo-sition but different nutritional status. From these data, the following points are evident: First, during childhood (or before the age of 11 years), the relative difference (calculated by expressing the difference between two values as a percentage of the higher value) in height between the Quechuas and Mestizos having the same nutritional status averages 1.1% for males and 0.7% for females. In contrast, the relative difference between the Quechuas of good and poor nutritional status averages 5.2% for males and 4.7% for females. Similarly, the relative difference for the Mestizos of good and poor nutritional status averages 3.7% for males and 5.0% for females. In other words, during childhood the heights of Quechuas and Mestizos characterized by the same nutritional status are closer, despite genetic differences, than are the heights of Quechua (or Mestizo) children having different nutritional status but similar genetic backgrounds. Second, during adolescence (or after the age of 11 years), the relative difference in height between Quechuas and Mestizos having the same nutritional status averages between 1.9 to 3.Wr for males and 2.2% for females. However, the relative difference in height between Quechuas of good and poor nutritional status averages 6.1-6.7% for males and 6.4% for females. Among Mestizos of good and poor nutritional status, the relative difference in height averages between 6.3 and 7.4% for males and 5.6% for females. In other words, when the nutritional status is poor, growth during adolescence is retarded.
uggest that under conditions of malnutrition, the adolescent genetic influence on growth in height is diminished.
DISCUSSION
From this extensive study, i t is clear that when the Quechuas and Mestizos are matched for upper arm muscle area and sum of skinfold thickness, childhood differences in stature are minimized. This finding suggests that childhood differences in stature between Quechuas and Mestizos are related mostly to differences in calorie (measured by body fat) and protein (measured by body muscle) reserves and that ethnic genetic differences play a minor role. On the other hand, during adolescence, the Mestizos and Quechuas show significant differences in stature despite the fact that these samples were matched for the same amount of fatness and muscularity. Habicht et al. ('74) , comparing the growth in height and weight of preschool children of diverse genetic backgrounds exposed to similar socioeconomic ('75, '76) found that the growth in height of North American children living in Guatemala city before adolescence was more similar to the genetically different Guatemalan children of high SOcioeconomic status, than to their genetic counterparts in the United States. However, during adolescence, the North American children raised in Guatemala grew in a manner more similar to the North American sample than to the Guatemalans. Based on these findings Johnston et al. ('75, '76) postulated that during adolescence, the role of genetic factors in growth in height becomes more important than during childhood, and this finding is supported by the present study. On the other hand, the fact the adolescent Quechuas and Mestizos of poor nutritional status are significantly shorter than their counterparts of good nutritional status indicates that under conditions of poor nutrition, the role of genetic factors on growth in height is overridden by the influence of environmental factors. In other words, only under conditions of good nutrition is the genetic role on adolescent growth in height manifested. These findings also suggest that among populations of good nutritional status, differences in height during adolescence might reflect the influence of population genetic differences. Otherwise, population differences in height during adolescence would reflect only the cumulative effect of chronic undernutrition suffered during childhood (Frisancho, '78b, '79) . Indeed, interpretation of differences in height among world populations without concurrent evaluations of nutritional status or environmental factors is very difficult.
The hypothesis that under favorable conditions of nutritional status, the role of genetic factors in growth in height is more important during adolescence than during childhood is in accord with quantitative genetic information and adaptive theory. Evaluation of parentoffspring correlation coefficients demonstrates that a t birth and during childhood, the similarities in body size between parents and offspring are much less than those during adolescence (Tanner, '78; Garn and Rohmann, '66) . These associations indicate that the genetic contribution to phenotypic variation in height assert themselves more during adolescence than during childhood (Hunt, '66) . As such, the respective contribution of genetic and environmental factors on phenotypic variation depends on the developmental stage of the organism, and in general the earlier the age, the greater the influence of the environment (Frisancho, '79) . Conversely, the later the age of the organism, the greater the influence of genetic factors.
